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Nowak, K.J., and Davies, K.E. (2004) . EMBO J. 5, [872] [873] [874] [875] [876] Radley, H., De Luca, A., and Grounds, M.D. Sampaolesi, M., Blot, S., D'Antona, G., Granger, N., Tonlorenzi, R., Innocenzi, A., Mognol, P., Thibaud, J.L., Galvez, B.G., Barthelemy, I., et al. (2006) . Nature 444, 574-579. Published online November 15, 2006 . 10.1038 /nature05282. Sharma, K.R., Mynhier, M.A., and Miller, R.G. (1993 . Neurology 43, 527-532. Stupka, N., Gregorevic, P., Plant, D.R., and Lynch, G.S. (2004) . Acta Neuropathol. (Berl.) 107, (299) (300) (301) (302) (303) (304) (305) (306) (307) (308) (309) (310) In the late 1800s, Santiago Ramon y Cajal discovered that different classes of neurons can have vastly different axon and dendrite patterns. We now know that these unique axon/dendrite patterns correspond with how a particular neuron fits into a circuit. The underlying molecular events governing axon/dendrite patterning in circuit formation are a major topic of interest. One important principle in the formation of neuronal circuits, which stems from the work of Victor Hamburger and his contemporaries, is that the amount of neuronal innervation a target tissue receives is proportional to the amount of survival factors it secretes (Cowan, 2001) . Since this revelation over 50 years ago, we now realize that target-derived growth factors influence survival, axon elaboration, branching, dendrite growth, circuit assembly, and acquisition of neurotransmitter phenotype (Frank and Wenner, 1993; Glebova and Ginty, 2005; Howe and Mobley, 2005) . However, the molecular mechanisms by which target-derived factors and retrograde signaling regulate these processes remain poorly defined. In this issue, Vrieseling and Arber (2006) provide exciting new molecular insights into how a target-derived growth factor controls neural circuit formation in the developing spinal cord.
Sensory neurons of the dorsal root ganglia are unique in that they have an axon with two major branches, one of which projects to the periphery while the other projects into the spinal cord. Sensory neurons of the dorsal root ganglia that monitor the position of the body in space are referred to as proprioceptive neurons. In a well-defined neural circuit that controls the proprioceptive reflex, the central branches of proprioceptive sensory axons connect either directly (making one synaptic connection: monosynaptic) or indirectly (making two or more connections through interneurons: polysynaptic) with dendrites of motor neurons that innervate different muscle groups (Chen et al., 2003) . Although anatomical and physiological characteristics of these reflex circuits have been defined, the molecular and genetic determinants that specify the formation of circuit architecture remain unknown.
At the outset of their study, the authors inject retrograde tracers into various skeletal muscle groups and examine the patterns of dendrites of the corresponding motor neurons in the cervical spinal cord. Although motor neurons innervating the triceps brachii, pectoralis major, and biceps What is the molecular basis of this differential connectivity? A subset of limb muscles as well as the brachial plexus expresses the neurotrophic growth factor GDNF, which controls expression of the ETS transcription factor Pea3 in a subset of motor neurons (Haase et al., 2002) . Interestingly, it is the dendrites of these Pea3-expressing motor neurons that avoid the spinal central gray matter. This observation led Vrieseling and Arber (2006) to hypothesize that the GDNF-c-Ret-Pea3 signal may govern dendrite development in motor neurons and direct the differential circuit formation in the spinal cord. Indeed, in mice lacking GDNF or Pea3, motor neurons whose dendrites are normally restricted to the peripheral gray matter now project dendrites into the central gray matter. Even more remarkable, the motor neurons in mice lacking Pea3 primarily receive monosynaptic input from proprioceptive neurons, in contrast to the motor neurons in wild-type mice, which receive polysynaptic input (Figure 1) .
Retrograde control of neural circuit formation
Identifying GDNF and Pea3 as players involved in the retrograde control of reflex circuit formation is a significant advance in our understanding of neuronal development. Yet there remain several unresolved mechanistic questions in the wake of this new work. The burning questions center on the mechanism by which Pea3 influences dendritic growth, guidance, and connectivity. Are there dendrite guidance receptors that are upregulated in motor neurons by Pea3 that mediate the avoidance of central gray matter? If so, what is the cognate cue that binds to this receptor, and where is it expressed? It also remains unclear whether the type of afferent connections formed is simply a function of dendrite location. That is, do dendrites of motor neurons that avoid the central gray matter form polysynaptic connections with afferent neurons because of their peripheral location? It is possible that the location of motor neuron dendrites and the type of afferent connection (mono versus polysynaptic) have little or nothing to do with each other; rather, both might occur independently as a consequence of transcriptional programs involving GDNF and Pea3. These questions can be addressed in the future by examining the transcriptional targets of Pea3. Identifying Pea3 dependent guidance cues, receptors, and other determinants of dendrite growth and synapse formation will enhance our understanding of target-dependent formation of circuits in the spinal cord. Vrieseling, E. and Arber, S. (2006) . Cell, this issue.
figure 1. control of Dendrite Patterning and spinal circuit formation by Target Tissue
Proprioceptive sensory neurons (black) send axons to both skeletal muscle and into the spinal cord, where they make either monosynaptic (direct) or polysynaptic (indirect) connections with the dendrites of motor neurons. (Top) Motor neurons that innervate muscles secreting GDNF upregulate Pea3, which, in turn, restrains their dendrites (blue) from extending into central gray matter. These Pea3-expressing motor neurons receive indirect inputs (yellow) from sensory neurons. (Bottom) Motor neurons innervating muscles that do not express GDNF project dendrites into the central gray matter and receive direct input from sensory neurons (red).
